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Abstract: The fiber and nitrogen composition and fermentation and solubility characteristics of a few ty-
pical summer browses and a sample of winter lichens were studied. The lichen sample was very high in 
hemicellulose, but low in acid detergent fiber ( A D F ) . The summer browses were much higher in A D F . 
Fermentation losses were low for all samples but were lowest for lichens. Solubility losses in boiled ru-
men fluid were relatively low, but dry matter losses with amylase treatment accounted for over half of 
the in vitro digestible dry matter of summer browses and eventually all of the dry matter losses from l i -
chens. Nitrogen disappearance from all samples was uniformly high. There appears to be ample reason to 
pursue similar studies with reindeer forages. 
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Introduction 
T h e semi domestic reindeer (Rangifer taran-
dus L . ) has adapted its metabol ic strategies to 
extremely w i d e l y v a r y i n g e n v i r o n m e n t a l con-
di t ions . In w i n t e r , its diet consists m a i n l y of 
l ichens, w h i c h are l o w i n p r o t e i n and mine-
rals, but a rather abundant source of c o m p l e x 
carbohydrates ( N i e m i n e n and H e i s k a r i , 
1988). O n the other hand, s u m m e r feeds are 
h i g h i n p r o t e i n and minerals and usual ly con-
tain more starch and considerably m o r e ce l lu-
lose the do the lichens. 
Soluble nutrients are i m m e d i a t e l y available 
for digest ion and absorpt ion . In contrast , r u -
m i n a i fermentat ion , w h i l e s lower , provides a 
more constant supply of nutr ients as w e l l as a 
mechanism for recyc l ing . 
T h i s s tudy was designed to l o o k , i n a p r e l i -
m i n a r y w a y , at the s o l u b i l i t y and fermentabi -
l i t y characteristics of t y p i c a l w i n t e r and sum-
mer reindeer feeds as a guide to m o r e detailed 
studies o n relative s o l u b i l i t y and fermentab i l i -
t y as related to n u t r i t i o n a l strategies of re in-
deer i n greatly divergent e n v i r o n m e n t s . 
Materials and methods 
Sample collection and treatment. H a n d collec-
t ions were made of browse (leaves, y o u n g 
stems and buds) f r o m Betula tortuosa (BT) , 
B. nana ( B N ) , Salix spp. (S), and sedges 
w h i c h consisted of Carex spp. ( C ) , a l l of 
w h i c h f o r m a major part of the s u m m e r 
reindeer diet. These were c o m p a r e d w i t h a 
sample (L) of m i x e d terrestr ial l ichens 
( m a i n l y Cladinia spp). T h e samples were 
f r o z e n s h o r t l y after co l l ec t ion and kept at -
1 0 ° C u n t i l use. T h e y were t h e n weighed 
and l y o p h i l i z e d , g r o u n d t h r o u g h a W i l e y 
M i l l w i t h a 1 m m screen and kept i n a 
c o o l , d r y r o o m u n t i l analyses were perfor -
m e d . 
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Chemical analysis. Samples were ana lyzed 
for n i t rogen ( N ) b y standard K j e l d a h l proce-
dures ( A O A C , 1975) and f o r neutra l deter-
gent f iber ( N D F ) and acid detergent f iber 
( A D F ) b y the procedures of G o e r i n g and van 
Soest, 1970. A separate sample of the l y o p h i l i -
zed forage was subjected to d r y i n g at 1 0 0 ° C 
and al l other analyses were repor ted o n a d r y 
matter basis as corrected b y this d r y matter 
value. N o other analyses were conducted 
w i t h the oven-dr ied samples. A l l analyses 
were p e r f o r m e d i n duplicate . 
In vitro analysis. Forages were subjected to 
5 treatments w i t h duplicate tubes for each tre-
atment. T h r e e treatments were standard ( T i l -
ley and T e r r y , 1963) in vitro d r y matter dis-
appearance fermentat ions at 12, 24 and 48 ho-
urs of i n c u b a t i o n . Peps in digest ion, h o w e v e r , 
was not p e r f o r m e d . A n o t h e r 48 h o u r fermen-
ta t ion was p e r f o r m e d w i t h b o t h amylase 
(amylase of bacil lus spp. o r i g i n S igma C h e m i -
cal C o . St. L o u i s , Catalogue N o . A-1278) tre-
atment and pepsin treatment f o l l o w i n g fer-
menta t ion (Rober tson and V a n Soest, 1977). 
I n o c u l u m was obtained f r o m a fistulated c o w 
fed a diet of alfalfa hay. In a d d i t i o n , there 
were t w o other treatments, one using i n o c u -
l u m k i l l e d b y b o i l i n g and lasting for 12 hours 
and the other using the same b o i l e d i n o c u l u m 
but w i t h an amylase treatment at the end of 
the 12 h o u r i n c u b a t i o n p e r i o d . These last tre-
atments were designed to s tudy s o l u b i l i t y and 
to estimate the n o n - c e l l u l o l y t i c e n z y m a t i c dis-
appearance of carbohydrates . 
T h e same five treatments were used i n addi-
t i o n a l in vitro f e rmentat ion . T h e n i t rogen 
content of the forage and the residue were 
used to determine n i t rogen disappearance. 
Results 
Chemical analysis. T h e part ia l c o m p o s i t i o n of 
forages is presented i n Table 1. T h e L sample 
was dr ier than the browse samples and was 
considerably l o w e r i n crude p r o t e i n ( C P ) . L 
also conta ined a very h i g h level of N D F , but 
a s u r p r i s i n g l y l o w value for A D F . S i m i l a r va-
lues for the browse species indicated relative-
l y h i g h A D F and N D F . 
Solubility and digestibility. D r y matter solu-
b i l i t y was a p p r o x i m a t e l y 10 percent for all 
s u m m e r forages (Figure 1). L i c h e n , however , 
had essentially no soluble d r y matter, al-
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Figure 2. In vitro dry matter disappearance with 
time of fermentation with bovine rumen 
fluid of reindeer forages. 
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Table 1. Partial chemical composition of reindeer feeds1 
Forage D M C P 2 N D F 2 A D F 2 H e m i c e l l u l o s e 3 
Reindeer l i c h e n 
(Cladinia spp.) (L) 87.0 3.2 77.3 8.0 69.3 
Betula tortuosa ( B T ) 24.7 23.9 42.8. 30.4 12.4 
Betula nana ( B N ) 32.5 17.5 63.9 54.5 9.4 
Salix spp. (S) 21.3 25.1 64.0 59.3 4.7 
Carex spp. (C) 38.9 15.9 44.0 41.7 2.3 
1 Data are mean values of duplicate samples. 
2 Percent of D M . 
3 N D F - A D F . 
Table 2. Percent nitrogen loss of reindeer feeds 
Cladina spp. B. tortuosa B. nana Salix spp Carex spp. 
12 h r soluble 74.6 85.0 83.0 88.6 90.0 
12 h r soluble plus amylase 93.9 88.9 83.5 85.6 88.0 
48 h r fermented 93.6 89.2 85.5 90.0 89.3 
48 h r fermented 87.4 88.9 80.8 87.2 89.3 
t h o u g h a measurable p o r t i o n was made solu-
ble b y the e n z y m e . 
F e r m e n t a t i o n losses (Figure 2) increased 
w i t h t ime but none were v e ry great. T h e 
greatest fermentative losses were b y C , f o l l o -
w e d b y B T , S, B N and lastly, L . In fact, the 
loss of D M f r o m L after fermentat ion and en-
z y m e treatment was not different f r o m the 
loss after the amylase treatment alone. 
N i t r o g e n losses d u r i n g fe rmenta t ion (Table 
2) were a r o u n d 9 0 % for al l forages. There was 
no addi t ional loss of n i t rogen due to pepsin 
treatment after fe rmenta t ion . In fact, most of 
the n i t rogen was lost due to s o l u b i l i t y i n bo i -
led r u m e n f l u i d alone. 
Discussion 
T h e most dramatic observations of plant 
c o m p o s i t i o n were the v e r y h i g h N D F and 
l o w A D F values for L . T h i s was also reported 
b y H e i s k a r i and N i e m i n e n , 1987. It d e m o n -
strates the inadequacy of Weende crude f iber 
i n evaluat ing such u n c o n v e n t i o n a l feed sour-
ces. C o n s i d e r i n g the rather unusual s o l u b i l i t y 
and fermenta t ion characteristics of L , it might 
also be suggested that the V a n Soest analyses 
are l ikewise inadequate to describe reindeer 
feeds. Perhaps the invest igat ion of a n u m b e r 
of fract ions of A D F might be a useful f i e ld of 
s tudy. 
A d d i t i o n a l l y , it m a y be useful to subdivide 
the n i t rogen f r a c t i o n , especially for the s u m -
mer browse species. It w o u l d appear that a 
signif icant p r o p o r t i o n of the N is i n n o n - p r o -
te in f o r m and that estimates of p r o t e i n are re-
a l ly higher than tota l c o m p o s i t i o n a l d i s t r i b u -
t i o n w o u l d w a r r a n t . T h u s , the nitrogen-free 
extract o r the nitrogen-free cel l content values 
obta ined f r o m p r o x i m a t e analysis w o u l d con-
ce ivably be higher i f c o r r e c t i o n were made 
for n o n - p r o t e i n n i t rogen . Such values, w h i c h 
represent soluble carbohydrates and related 
energy components , are i m p o r t a n t i n conside-
r i n g the n u t r i t i v e value of feeds for concen-
trate-selecting r u m i n a n t s ( H o f f m a n , 1988). 
T h e h i g h disappearance of N f r o m al l sam-
ples d u r i n g s o l u b i l i z a t i o n and fermenta t ion 
leads to t w o conc lus ions . T h e first is that a 
large p r o p o r t i o n of the N is i n n o n - p r o t e i n 
f o r m or i n the f o r m of v e r y soluble and, p u -
tat ively , digestible p r o t e i n . T h e second is that 
the l o w apparent digestibil i t ies of crude p r o -
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te in repor ted f o r l ichens ( N i e m i n e n et. a l . , 
1986; N i e m i n e n and H e i s k a r i , 1988) are large-
l y the results of l o w N intake w i t h the conse-
quent large c o n t r i b u t i o n of metabol ic fecal 
n i t r o g e n to the fecal losses. 
L i c h e n d r y matter was c o m p l e t e l y inso luble 
but the s u m m e r browses were apprec iably so-
luble , especially so w h e n treated w i t h amyla-
se. In fact, s o l u b i l i t y i n r u m e n f l u i d plus amy-
lase p r o v i d e d w e l l over halft of the D M disap-
pearance of the s u m m e r browses. T h i s 
suggests that soluble nutr ients p l a y an i m p o r -
tant part i n the n u t r i t i o n a l c o n t r i b u t i o n of 
the early s u m m e r feeds. 
T h e p o o r f e r m e n t a b i l i t y of the feeds, espe-
c ia l ly L , indicates that the b o v i n e i n o c u l u m 
was not suitable for the substracts tested, but 
especially for L . H e i s k a r i and N i e m i n e n 
(1987) have s h o w n increased digest ion of re in-
deer feeds w h e n reindeer r u m e n contents as 
contrasted w i t h sheep r u m e n f l u i d were used 
as i n o c u l a . W e repeated o u r w o r k w i t h sheep 
i n o c u l a and obta ined results ident ica l w i t h 
those reported . A n y def ini t ive statements of 
f e r m e n t a b i l i t y must be made o n the basis of 
an adapted i n o c u l u m . T h e present data can-
not , therefore be used for f i r m conclus ions . 
T h e y do suggest, h o w e v e r , that there are dif-
ferences between s u m m e r and w i n t e r feeds i n 
the relative p r o p o r t i o n of s o l u b i l i t y and fer-
m e n t a b i l i t y . M o r e i m p o r t a n t l y , this w o r k i l -
lustrates that total d r y matter loss determined 
in vitro is the s u m of s o l u b i l i t y plus fermenta-
t i o n and that digestive strategies w i l l be diffe-
rent depending u p o n the relative amounts of 
each. 
T h e w i n t e r reindeer has a v e r y efficient me-
ans of recyc l ing and conserving p r o t e i n and 
minerals ( N i e m i n e n 1980) and, indeed, this 
r e c y c l i n g also serves to conserve water and, 
consequent ly , energy. If it is assumed that fer-
m e n t a t i o n of carbohydrate i n the r u m e n is 
the central mechanism i n these conversat ion 
pathways , it w o u l d f o l l o w that the w i n t e r 
reindeer ought to be a roughage consumer ac-
c o r d i n g to H o f f m a n s (1988) classif icat ion. 
T h i s w o u l d require that the m a i n w i n t e r fe-
eds of the unsupplemented reindeer w o u l d be 
l o w i n pre- fermentat ion s o l u b i l i t y and w o u l d 
be fermentable at a sustained rate. In v i t r o d i -
gest ib i l i ty values for l i c h e n of 10.5 to 33.6 % 
( H e i s k a r i and N i e m i n e n , 1987) depending o n 
the source of i n o c u l a have been reported. 
Such values are s t i l l rather l o w but this i n d i -
cates that some of the N D F of l i c h e n is diges-
t ib le , b y adapted micro-organisms . 
T h e rate of digest ion is also i m p o r t a n t and 
needs to be s tudied. N i t r o g e n r e c y c l i n g and 
m i n e r a l conservat ion w o u l d be most efficient 
w i t h l o w , sustained, rather than h i g h , but va-
r iable rates of digest ion. There fore , digest ion 
extent of L at 72 and even 96 hours s h o u l d be 
i m p o r t a n t to determine. 
It w o u l d also be interest ing to assume that, 
d u r i n g s u m m e r , the reindeer is a concentrate 
selector i n order to take advantage of the am-
ple s u p p l y of n e w plant g r o w t h . S u m m e r fe-
eds w o u l d therefore be h i g h i n pre-fermenta-
t i o n s o l u b i l i t y and be easily digested i n the 
p o s t - r u m i n a l gastrointestinal tract. T h i s w o -
u l d a l l o w the a n i m a l the a b i l i t y to lessen its 
reliance o n r u m e n fermenta t ion , w h i c h is 
s l o w and ineff ic ient for non- f iber energy so-
urces and can be an obstacle to r a p i d energy 
acquis i t ion . Since as m u c h as 7 5 % of the d r y 
matter disappearance was accounted for b y 
s o l u b i l i t y plus amylase treatment, it can be 
seen that non- f iber or p o s t - r u m i n a l digest ion 
c o u l d account for a substantial part of the 
energy c o n t r i b u t i o n of the s u m m e r feeds. 
A s suggested i n the tit le , these data repre-
sent o n l y a p r e l i m i n a r y e x a m i n a t i o n , o n a 
few samples, of w i n t e r vs s u m m e r feeds for 
reindeer. Interpretat ion of these data suggest, 
however , that deeper e x a m i n a t i o n of the na-
ture of f iber fractions and the relat ionships 
between s o l u b i l i t y and fe rmentab i l i ty of b o t h 
s u m m e r and w i n t e r feeds s h o u l d p r o v i d e i m -
portant inferences regarding the n u t r i t i o n a l 
strategies of reindeer under the w i d e v a r i a t i o n 
of ev i ronments they face. 
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